Molecular approaches to the rapid analysis of the serotyping antigens of Neisseria meningitidis, the class 2 and 3 outer membrane proteins (OMPs), were developed, evaluated, and used to study 12 antigenic variants of these proteins. A primer set for the polymerase chain reaction (PCR) amplification of the genes encoding these antigens was devised. Low-stringency amplification of meningococcal chromosomal DNA with this primer set resulted in the amplification of two products from each strain, whereas at higher stringencies only one product was amplified in most strains. Southern hybridization techniques and restriction analyses were used to differentiate the PCR products amplified at high stringencies from strains expressing class 2 or class 3 OMPs; these PCR products were further characterized by the determination of their nucleotide sequences, confirming that they represented the amplified class 2 and class 3 OMP genes. Analyses of these and other nucleotide sequences enabled the construction of a phenogram illustrating the interrelationships between Neisseria OMP genes. The comparative analysis of deduced amino acid sequences revealed conserved and variable regions of the proteins; the latter probably correspond to surface loops on the protein and hence are potentially exposed to the immune system. Further analyses of the primary structures of these related porins from Neisseria species enabled construction of models of the secondary structure of these antigens and comparison of these models with those previously published. The methods reported in the present work are rapid reproducible procedures for the analysis of antigenic variants of these proteins.
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Neisseria meningitidis is an important cause of meningitis and septicemia worldwide (27, 33) , occurring either as a sporadic disease, mainly of infants and adolescents, or in pandemic waves (2) . Capsular polysaccharide vaccines are available for serogroup A, C, W-135, and Y organisms but not for serogroup B organisms, which account for up to 60% of cases of meningococcal meningitis in western Europe and the United States and for large-scale epidemic disease in Brazil and Cuba. The currently available polysaccharide vaccines are relatively ineffective in young children and do not produce booster effects, which makes the scheduling of vaccinations difficult (31) . Recent approaches to the development of new vaccines against this organism have included the use of meningococcal outer membrane proteins (OMPs) in vaccine preparations (12) . Although attractive in several respects as potential vaccine components, the meningococcal OMPs, in common with other major antigens of this organism, are antigenically variable. This antigenic variation is used in serotyping and subtyping schemes used for this organism (1, 14, 23) .
Of the five main classes (classes 1 through 5) of OMP in N. meningitidis (36) , the class 2 and class 3 OMPs are serotyping antigens (14, 23) and the class 1 OMPs are targets for serosubtyping antibodies (1) . In addition, these proteins are major components of candidate vaccines. Most meningococcal strains possess a class 1 and either a class 2 or class 3 OMP. Serotype-specific, protective, bactericidal antibody responses against these proteins have been demonstrated (29, 32) . The class 4 and 5 OMPs are not considered suitable for use as components of vaccines or as targets for typing antibodies (17, 28, 35 Immunological experiments have demonstrated that the meningococcal class 1, class 2, and class 3 OMPs and the gonococcal PIA and PIB OMPs are related proteins. These relationships have been confirmed by nucleotide sequencing of genes encoding these OMPs (3-6, 15, 18, 22, 24, 39) . A structural model for all of these related proteins has been proposed (22, 37) . The designations porA and porB have been proposed for the meningococcal class 1 and class 2/3 genes, respectively (16) .
In the present work, the polymerase chain reaction (PCR) technique (10) has been exploited to amplify the genes encoding meningococcal class 1 and class 2 or 3 OMPs either separately or together, establishing the presence of genes encoding class 2 or class 3 OMPs without sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) or serological analysis. The amplified genes were further defined by nucleotide sequence analysis and comparative analyses of the nucleotide and derived amino acid sequences. These data may be applied to the development of techniques for the rapid identification and typing of meningococcal isolates directly from clinical specimens.
MATERIALS AND METHODS
Growth and maintenance of bacterial strains. Strains of N. meningitidis (Table 1) were maintained at -70°C in 50% Mueller-Hinton broth plus 50% freezing mix (10% glycerol, 3 mM sodium citrate, 1 (9) . The protein sequences were aligned (see Fig. 5 ) on the basis of the amino acid alignment of Maiden et al. (18) and Feavers et al. (11) . The nucleotide sequences of meningococcal class 1, 2, and 3 and gonococcal PIA and PIB genes were aligned to conform with the sequences presented in reference 11. The similarity between sequences was illustrated by the construction of a phenogram, or tree, using an agglomerative distance matrix approach (25) . The distance (number of mismatched nucleotides as a percentage of sequence length) between each pair of sequences was calculated by using the University of Wisconsin Genetics Computer Group software package (8) . The (Fig. 2A) . These products were of about 1,100 bp (the same size as the amplified class 1 OMP gene) and between 900 and 1,000 bp. The amplified genes separated by agarose gel electrophoresis had similar size relationships to each other as did the major OMPs themselves, separated by SDS-PAGE of membrane preparations ( Fig. 3; Table 2 ); i.e., the strains with smaller OMPs had smaller PCR products. At higher stringencies (60°C; 50 mM KCl), only the smaller products were amplified for all strains except strain NIBSC 2002: in this strain both products were amplified with primers 27 and 28 under all annealing conditions used (Fig. 2B) .
The relationships between the PCR products were established by restriction endonuclease digestion and Southern hybridization. Restriction (26) . These strains gave similar results (Table 2; data not shown).
Nucleotide sequences of PCR products. Nucleotide sequences of the PCR products of the 12 strains were determined and are shown in Fig. 4, together with Fig. 4) (4) , was a genuine sequence change between these two variants. The amino acid sequences deduced from these data are compared with the protein sequence deduced from the PCR product of strain NIBSC 2001 in Fig. 5 . Most of the amino acid sequence changes within classes were located in six regions of the sequence (I, IV, V, VI, VII, and VIII [ Fig Relationships between nucleotide sequences. The nucleotide sequences of the PCR products were aligned with equivalent sequences from Neisseria OMP genes by the method of Maiden et al. (18) , and the aligned sequences were used to produce a dendrogram (Fig. 6) (Table 2) . Further, the amplified class 3 OMPs all encode the peptide sequence -G-V-E-T-S-R-S-V-determined for the class 3 protein from strain H44/76 (30). f qng vte a f qng vte a e k g w e g w e g vv e srvkn... ... vktk e srvkdagt yk gksk e srvkdagt yk gksk e srvkdagt yk gksk e srvkdagt yk gksk 9 9 9 q a f q a f q a f q a f q a f m l m I m l m l m l n n n n n tv n t tv a n t d tv a n t tv n t d tv a n t Previously, the designation of class 2 or class 3 proteins had been made mainly on the basis of protein size (14, 28) . Nucleotide sequence analysis enables a more precise definition of class 2 and class 3 proteins, and PCR technology permits rapid identification and analysis of the genes encod- (5); the PIB OMP gene sequence, strain MS11 (6); and the PIB sequence, strain R10 (15) . The serotypes of the meningococcal strains are given in Table 1. 3 OMP in apparent Mr (Table 2) , is explained by a deletion in loop I that is not seen in other class 2 or 3 proteins, as well as a deletion in loop VI (Fig. 5) . Nucleotide sequence data provide a basis for future development of PCR-based typing and diagnostic techniques. The conditions described in the present work can detect as few as 100 cells (data not shown).
Relationships between meningococcal OMP genes. The meningococcal class 1, 2, and 3 OMPs, together with the gonococcal PIA and PIB OMPs, form a family of porin proteins. The similarity of the class 2 and, particularly, the class 3 OMPs to the gonococcal gene products suggests that these proteins may have been acquired by the meningococcus from the gonococcus or possibly, in the case of the class 2 OMP, from another Neisseria species. Horizontal genetic exchange is known to occur between Neisseria genes, including the class 1 OMP gene (11 (Fig. 4) . These indicate regions where horizontal genetic exchange of fragments of genes may have occurred, giving rise to what has been termed localized sex (21) .
Structural model for meningococcal OMPs. The determination of the primary structures of the Neisseria OMPs has enabled the prediction of possible secondary-structure models for the proteins (18, 37) . The derived amino acid sequences presented here are consistent with these models. The conserved regions of the protein (CR1 to CR9 [16] , marked 1 through 9 in Fig. 5 ), which are putatively membrane spanning, are identifiable in each of the strains. The predicted surface loops (I to VIII [Fig. 5] ) that occur between the conserved regions are smaller in the class 2 and class 3 OMPs. A notable feature is that loop III is approximately the same size in all the proteins. In contrast to the class 1 OMP, loop III is the largest loop in the class 2, class 3, PIA, and PIB OMP models. The sequence present in this loop does not vary within classes, and antibodies against this loop do not bind to whole cells, although they do bind to outer membrane vesicles (37) . These observations suggest that this loop is located within the protein structure, performing a conserved, possibly porin function-related, role unique to each class of protein.
Antigenic variation of meningococcal OMPs. The model of the class 1 OMP has eight surface-exposed loops (I to VIII) (18, 37) . The antigenically important variable epitopes of the class 2 and class 3 OMPs are likely to reside in the equivalent surface loops (marked I to VIII in Fig. 5 ). In contrast to the class 1 
